ABSTRACT: The deep-water macroalgal community of the continental shelf off the east coast of Florida was sampled by lock-out divers from two research submersibles as part of the most detailed year-round study of a macroalgal community extending below routine SCUBA depths. A total of 208 taxa (excluding crustose corallines) were recorded; of these, 42 (20.2 %), 19 (9.1%), and 147 (70.7 %) belonged to the Chlorophyta, Phaeophyta, and Rhodophyta, respectively. Taxonomic diversity was maximal during late spring and summer and minimal during late fall and winter. The number of reproductive taxa closely followed the number of taxa present; when reproductive frequency was expressed as a percentage of the species present during each month, two peaks (January and August) were observed. Most perennial species had considerable depth ranges, with the greatest number of taxa observed from 31 to 40 m in depth. Although most of the taxa present also grow in shallow water (i.e. <10 m), there were some species whose distribution is hmited to deeper water. The latter are strongly dominated by rhodophytes. This community has a strong tropical affinity, but over half the taxa occur in warm-temperate areas. Forty-two new records (20% of the taxa identified) for Florida were listed; this includes 15 taxa whicl~ previously had been considered distributional disjuncts in this area. The phaeophyte Halopteris filicina is a new addition to the flora of the western Atlantic. Although more studies are needed, it appears that the deep-water flora may be relatively continuous over a large portion of the tropical and subtropical western North Atlantic. The traditional practice of considering Cape Canaveral as a biogeographical boundary may only be appropriate for shallow water. This study demonstrates the need for additional floristic work on macroalgal communities, especially from deep water, before more detailed biogeographical analyses can be performed and suggests that deep-water species could be important in experimental approaches to macroalgal biogeography.
INTRODUCTION
A major breakthrough in the study of deep-water macroaigae has been the development of research submersibles (Earle, 1985) . Although phycological studies employing submersibles have been hrnited, it appears that deep-water algal communities are especially well-developed in the tropical and subtropical western North Atlantic (Littler et al., 1985 (Littler et al., , 1986 Hanisak & Blair, in press ). These communities include many species that previously have been considered rare or not described at all (Hanisak & Blair, in press) .
Early collections of deep-water macroalgae in the tropical and subtropical western *Paper presented at the XIV International Botanical Congress (Berlin, 24 July-1 August, 1987), Symposium 6-15, "Biogeography of marine benthic algae".
North Atlantic were made by naturalists such as Louis Agassiz and Archibald Menzies. Taylor (1930 Taylor ( , 1942 and Howe & Taylor {1931} recorded many new species, some of which are still only known lrom their original collections. In the Gulf of Mexico, Taylor collected benthic macroalgae via dredging to depths greater than 100 m. More recent work (Dawes & van Breedveld, 1969; Cheney & Dyer, 1974; Eiseman & Blair, 1982) has added to the available knowledge of the deep-water macroalgae of the Gulf.
The most extensive study of deep-water macroalgae in the western Atlantic has been made along the continental shelf of North Carolina (Schneider, 1974 (Schneider, , 1975a (Schneider, , b, 1976 (Schneider, , 1984 Schneider & Reading, in press; Schneider & Searles, I973, 1975 , 1976 Searles, 1972 Searles, , 1984a Seafles & Schneider, 1978 , 1980 and South Carolina (Wiseman & Schneider, 1977; Schneider & Eiseman, 1979; Blair & Hall, 1981) . Yet despite the tremendous activity on the Carolina flora, relatively scant attention has been paid to macroalgae off the extensive eastern coast of Florida, with investigations having concentrated on relatively shallow-water communities (e.g. Philhps, 1961; Juett et al., 1976; Benz et al., 1979; Hall & Eiseman, 1981) .
Given the lack of knowledge of the deep-water macroalgal community of the continental shelf off the coast of Florida (USA), Eiseman (1978) initiated a survey of this community with the research submersibles Johnson-Sea-Link I and Johnson-Sea-Link II in an area from St. Lucie Inlet to the Lake Worth Inlet near Palm Beach (Fig. 1 ). Eiseman and his colleagues described several new species from these collections (Schneider & Eiseman, 1979; Eiseman, 1979; Eiseman & Moe, 1981; Eiseman & Norris, 1981) , but no detailed report of these collections was ever made. During studies of the deep-water macroalgal communities in nearby Bahamian waters (Hanisak & Blair, in press; Hanisak et al., unpubl.) , the value of the earlier Florida collections became apparent. As part of a project to catalogue and verify the holdings of the Harbor Branch Herbarium (HBFH), an opportunity arose to review and reexamine these earlier collections.
This paper presents information on the seasonal and depth distribution, reproductive phenology, and biogeographic affinities of the macroalgal community of the eastern continental shelf of Florida. This study is particularly important for two reasons: (1) it is the most detailed year-round study on a macroalgal community extending below routine SCUBA depths, and (2) the study site is located near Cape Canaveral, an important biogeographic boundary that has been designated as dehneating the warm-temperate and tropical floras (Humm, 1969; van den Hoek, 1975 Searles, 1984b) .
MATERIALS AND METHODS
The deep-water macroalgal community of the east Florida continental shelf was sampled during a series of submersible cruises initiated by Dr. N. J. Eiseman (Eiseman, 1978) . The principal collecting sites were located off of Lake Worth Inlet, with less frequent samphng off of St. Lucie and Jupiter Inlets (Fig. 1) . Although the substratum at these sites is primarily sand with few algae present, benthic macroalgae do grow on occasional areas of rubble or reefs. These sites were sampled at irregular intervals from July 1974 to June 1983. All months of the year were sampled during these collections with the exception of February.
Seawater temperature was measured during some, but not all collections. Mean monthly water temperatures at depths of 30-50 m were between 20 and 25 ~ for all months. Temperatures were more variable at greater depths, hut usually ranged from 15 to 20 ~ between 60 and 92 m. Significantly lower temperatures (9-12 ~ were occasio-nally observed during the summer months at these greater depths when periods of upwelling occurred.
Collections were made by lock-out divers from the research submersibles JohnsonSea-Link I and Johnson-Sea-Link II at depths of ca 24-98 m. Occasional collections at shallower depths were not included in this communication. In total, 171 submersible dives were made on 34 cruises; most of the effort (23 cruises, 143 submersible dives) was concentrated during [1976] [1977] [1978] [1979] , when at least 4 cruises a year, with at least one cruise each season, were made. Collection depths were measured by a pressure gauge on the submersible and were accurate to --0.5m. The algae were rough sorted aboard ship, preserved in 5 % seawater-formahn, and returned to the laboratory for identification. Presence of reproductive structures was noted when observed. Following the initial identification of the specimens, voucher specimens were deposited inthe Harbor Branch Herbarium (HBFH).
During 1984, we initiated the first efforts at cataloguing the contents of HBFH; a large portion of its holdings was from the collections initiated by Eiseman. Despite the obvious importance of these collections, only a few species descriptions and range extensions have been reported (Eiseman, 1979; Schneider & Eiseman, 1979; Eiseman & Moe, 1981; Eiseman & Norris, 1981) . However, before even a species list of these collections could be generated, it was necessary to verify and update identifications previously made. In this process, ca 4000 records were examined. This effort was expedited significantly by Wynne's checklist (1986) that synthesized the recent taxonomic changes made in the tropical and subtropical western Atlantic.
Our systematic list within macroalgal divisions follows that of Wynne (1986) ; crustose corallines are not included. Monthly occurrence and reproductive phenolo~/as well as the mean depth and range of depths for each taxon,were tabulated. Because of the nearness of the site to the important "biogeographical boundary" at Cape Canaveral (located ca 150-190 km north of the stations in this study), we were interested in determining the "biogeograpnic affinity" of the individual species in the macroalgal community. For this biogeographical information, we relied primarily on species lists and distribution records previously prepared by Kapraun (1980 Kapraun ( , 1984 , Searles & Schneider (1978) , South & Tittley (1986), and Taylor (1960) . Additional information on these biogeographic affinities, as well as previous records for Florida, was obtained from numerous references cited by Wynne (1986) .
RESULTS
A total of 208 taxa were recorded during this study (Table 1) . Of these 42 (20.2 %), 19 (9.1%), and 147 (70.7 %) belonged to the Chlorophyta, Phaeophyta, and Rhodophyta, respectively (Table 2) . A significant portion of these species was found year-round; less frequently occurring species were usually collected during the summer (Table 3 ). The number of taxa (Table 2 ) was highest during late spring and summer (May-July) and lowest during late fall and winter (November-January). Although not quantified, macroalgal abundance was visually correlated with macroalgal diversity and had the same seasonal pattern.
Many species of the east Florida continental shelf were reproductive throughout the year, with the number of reproductive taxa nighest in the summer (June to August) near (Table 2) . However, when reproductive frequency was expressed as a percentage of reproductive species to the number of species present in each month, two peaks (January and August) were apparent ( Table 2 ). In terms of depth distribution, the number of taxa recorded was highest at depths of 31-40 m (Table 4 ) and decreased as depth increased; this decline was more gradual for rhodophytes than for chlorophytes and phaeophytes. Most perennial species had considerable depth ranges (Table 5 ). Only two chlorophytes had a mean depth greater than 50 m; one of these was Bryopsis hypnoides which was collected only once during this study, and the other was ?Palmophyllum sp. which was collected frequently and was the deepest occurring chlorophyte, being found to depths of 92 m. Similarly, although six phaeophytes had mean depths in excess of 50 m, five of these (Dictyopteris hoytfi, Nereia tropica, Sporochnus bolleanus, S. pedunculatus, and Syringoderma floridana) seldom occurred; only one brown alga, Halopteris filicina, was collected regularly at depths greater than 50 m. Like ?PalmophFflum sp., H. filicina was collected at depths greater than 90 m. As depth increased, the relative proportion of red algae present in the community increased; 25 species of rhodophytes had a mean depth greater than 50 m. Of these, a perennial assemblage of deep-water rhodophytes was apparent and consisted of Apoglossum ruscifolium, Compsothamnion thuyoides, Halymenia gelinaria, H. hancockii, Kallymenia sp., lVIaripelta aflantica, Nitophyllum punctatum, Peyssonneh'a inamoena, and Searlesia subtropica. Three species (A. ruscifolium, P. inamoena, and S. subtropica) were found at the greatest depth sampled (98 m).
Examination of previously published distribution records established the biogeographical affinities of the taxa present on the east Florida continental shelf (Table 5) . Approximately half of the taxa were restricted to one biogeographical zone, but the rest occurred in two or three biogeographical zones along the east coast of the Americas (Table 6 ). The flora of the east Florida continental shelf has an obvious tropical affinity (Tables 5, 6 ); 87 % of the taxa in this study were previously collected in tropical waters. This tropical affinity was consistent for the three divisions (85.0-92.9 %). A strong warmtemperate element (52.4 % of the total flora have been reported from warm-temperate waters north of Florida; 42.1-55.8 % range for the three divisions) is also present, but less than 10 % of the taxa have been reported from cold-temperate waters.
Five taxa are currently considered to occur only in transitional areas between the warm temperate and tropical zones ( 20 % of the flora of the east Florida continental shelf. In addition, Antithamnionella ?latiaxis would be a new record for Florida if its tentative identification is verified. Fifteen of these new records were previously considered to be distribution disjuncts between the well-studied North Carolina flora and more tropical areas to the south. Fourteen records were considered to be northern extensions, and eight records were southern extensions.
Halopteris fificina, a European species, is a new addition to the flora of the western
Atlantic. The three additional records considered to be western extensions were previously recorded for the Bahamas at the same approximate latitude as that of the sites of our study. In addition, we have confirmed the occurrence of Agardhinula browneae in Florida which Searles (1984b) had considered uncertain because previous specimens were drift material. Two taxonomical notes should be made. First, on re-examination of the records attributed by Eiseman (1979) to Petroglossum undulatum they have been reassigned to Gracflaria ?cuneata. Thus, we cannot confirm the presence of Petroglossum in Florida. Second, ?Palmophyllum sp. appears to be an undescribed species that we have previously observed in the Bahamas and the Gulf of Mexico (Hanisak, unpublished) . It is the same taxon as the undescribed "palmelloid green" of Littler et al. (1985 Littler et al. ( , 1986 .
DISCUSSION
The study of deep-water macroalgal communities has been hmited by the abihty of phycologists to make direct, in situ observations in the sea. Until recently, knowledge of these plants has been limited, primarily restricted to information obtained from dredging records or from collections of rare and unusual algae occasionally cast ashore following severe storms. Various dredging techniques were important in early attempts at assessing the composition of deep-water macroalgal communities (e.g. David et al., 1904; Taylor, 1928; Humm, 1956; Adey & MacIntyre, 1973; De Wreede & Jones, 1973; Doty et al., 1974) . However, such limited methods provide only a fragmented, and poorly quantified, glimpse of deep-water communities.
With the introduction of SCUBA in the 1950's, phycologists were able to extend their direct observations of macroalgal communities from the intertidal zone to the shallow subtidal (i.e. to depths of ca 30 m) and maximally to a depth of ca 65 m (e.g. Gflmartin, Calh'thamnion cordatum indicates new record for the western Atlantic Ocean + indicates tentative identification that would otherwise be a new record for Florida 1960). While these depths encompass the full depth distribution of macroalgae in many temperate areas, it was clear that macroalgae in the tropics and subtropics could grow at depths significantly greater than those that could be observed with SCUBA. Recent studies {e.g. Littler et al. 1985 have indicated that benthic macroalgae are capable of growing at much greater depths than previously beheved and that the contribution to primary productivity by macroalgae growing on deep reefs in certain parts of the world could be significant. This study has documented the species composition of a macroalgal community, at depths greater than those ever examined in such detail throughout the annual cycle. It Table 6 . Summary of biogeographical affinities for the taxa identified during this study based on the data presented in Table 5 . CT = Cold Temperate; WT = Warm Temperate; T = Tropical; combinations of these indicate distribution in more than one biogeographical zone of the western North Atlantic. Taxa without a species epithet are listed as "not assignable"; taxa that are restricted to Florida near the transitional area between warm temperate and tropical zones are hsted as "transitional" has also demonstrated the high diversity that can occur in deep-water macroalgal communities in subtropical and tropical waters where high water clarity permits a much deeper euphotic zone than traditionally considered (Hanisak & Blair, in press) . Moreover, over 20 % of the taxa in this study were new records for Florida; this demonstrates the importance of studying deep-water communities in order to obtain adequate floristic information for a particular area. Prior to the initiation of this submersible study, the deep-water algae of eastern Florida were known only from drift material (Eiseman, 1979) . The deep-water community of the east Florida continental shelf is characterized by species of a tropical affinity, with many species capable of growing in the warm temperate waters of the Carohnas. The community appears to consist of a relatively stable assemblage of perennial species, with an influx of incidental, shorter-hved species, particularly in the summer months. Most of the taxa present grow in much shallower waters in Florida and more tropical areas to the south; there are also a number of species that appear, based on this and previous studies, to be more characteristic of deep water. Sears & Cooper (1978) suggested that such communities in the northwest Atlantic have a high degree of seasonal stability. In the Gulf of Mexico, investigators using dredging !e.g. Dawes & van Breedveld, 1969) had reported a similar stability in deep-water macroalgal communities. However, Cheney & Dyer (1974) using SCUBA in 25-60 m in the Gulf of Mexico, described a macroalgal community with a distinct tropical affinity and a seasonal pattern of abundance and diversity, both of which were maximal in the summer. This pattern of seasonality is similar to that observed on the east Florida continental shelf in the current study as well as that observed for the offshore flora of North Carolina (Schneider, 1976; Searies, 1984b) . We believe that differences in the apparent seasonality of deep-water communities are primarily due to methods of collections. Dredging techniques appear to preferentially harvest larger plants, which are more hkely to be considered perennials, than the more direct techniques involving SCUBA and submersibles.
The zonation patterns of macroalgal divisions observed for this community are consistent with what the model of Dring (1981} predicted for clear oceanic water, i.e. rhodophytes growing deeper than chlorophytes and phaeophytes, a pattern that appears to occur throughout the world (e.g. Gilmartin, 1960; Larkum et al., 1967; Drew, 1969; Agegian & Abbott, 1985; Hillis-Cohnvaux, 1985; Littler et al., 1985 Littler et al., , 1986 . Humm & Taylor (1961) postulated a floral diversity gradient with depth in the Gulf of Mexico; this hypothesis was supported by the submersible observations of Eiseman & Blair (1982) who found a much greater tropical affinity of the deep-water flora of the northwest Gulf as compared to shallow-water habitats in this region. The same pattern has been observed for the North Carolina flora (Searles & Schneider, 1980) . This flora-depth relationship also appears to be the case for the east coast of Florida although a thorough analysis of shallow-water macroalgal communities for this region is lacking.
Studies of deep-water communities, such as that off eastern Florida, have important biogeographical implications. Twenty percent of the taxa identified in this study were new records to Florida; this demonstrates the necessity of extensively sampling such communities before the floristic information of a given area can be considered adequate enough for detailed biogeographical analyses. This point has been previously made by Schneider & Searles (references cited previously) in their detailed analyses of the North Carolina offshore flora.
Perhaps most dramatic in terms of biogeographical distribution were the 15 new records for Florida that previously appeared to be distributional disjuncts. Schneider (1976 Schneider ( , 1984 hsted 22 taxa present in the Carolina flora with distributional disjuncts to the south; 13 of these are reported in the current study of the east coast of Florida. We believe, as Schneider (1976) suggested, that most if not all, of the remaining disjuncts are artifacts of collection. Moreover, our study substantiates a high degree of similarity between the Florida and Carohna floras; both are dominated by species with centres of distribution in the Caribbean (Schneider, 1976) . The information to date suggests that the deep-water flora may be relatively continuous over a large portion of the western Atlantic. It would be desirable to conduct additional intensive floristic investigations in this region to verify this conclusion. Our observations also question the traditional practice (Stephenson & Stephenson, 1952; Humm, 1969; Searles, 1984b) of considering Cape Canaveral as a biogeographical boundary; its utility now appears to be bruited to the shallow-water flora (i. e. <10 m).
While biogeographical investigations usually focus on latitudinal differences, there may also be significant floristic differences over short distances along a particular latitude. For example, recent studies in the Bahamas (Hanisak & Blair, in press) , including sites only 100 km east of the West i~alm Beach stations reported herein, have demonstrated a greater predominance of green algae in the deep-water flora than fleshy red and brown algae, in contrast to the predominance of red algae off eastern Horida. The deep-water chlorophytes of the Bahamas include the species reported herein for Florida, as well as additional species of Halimeda, and Johnson-sea-linkia profunda, an apparent endemic to the Bahamas. In both Florida and the Bahamas, however, the deepest macroalgal species are crustose corallines (not considered in this manuscript). Another difference between the Florida and Bahamian deep-water macroalgal communities is the rather sharp, vertical zonation patterns that are visually and statistically dramatic in the Bahamas (Littler et al., 1985, I986; Hanisak & Blair, in press ). These contrasts (dominance of chlorophytes versus rhodophytes, sharpness of zonation) are probably due to differences in habitat (gradual slopes versus vertical walls) and stability of conditions (water temperature and clarity are higher and more stable in the Bahamas). Lastly, the Gulf Stream between the Bahamas and Florida may serve as a distributional barrier for some deep-water macroalgae.
Clearly, deep-water macroalgal communities merit additional study in order to understand biogeographic patterns more fully. The major restraint to the study of deepwater macroalgae is the high operating costs involved with using submersibles (Earle [1985] cites a range of $ 7000 to $ 25 000 per day, including the cost of the support vessel). Perhaps the development of simpler, less expensive one-person submersibles (Earle, 1985) or unmanned, remotely operated vehicles (ROVs) will accelerate the exploration of deep-water benthic communities by phycologists.
As access to deep-water macroalgae increases, knowledge of all aspects of the biology of these organisms will be enhanced. Continued systematic studies will lead to the description of new species and will further our knowledge of marine biogeography. Deep-water species may be useful in experimental approaches to biogeography (such as studies by Cambridge et al., 1984 Cambridge et al., , 1987 Guiry et al., 1987; Lfining, 1984; McLachlan & Bird, 1984; Yarish et al,, 1984 ). An integration of the descriptive and experimental approaches will result in a more thorough understanding of the biogeographical patterns of marine macroalgae.
